CLAIMS 



We claim: 

1 . A program circuit for a programming a selected cell to a desired resistive state in a 
conductive re-writable memory comprising: 

a first reference input; 

a selected cell input from the selected cell, the selected cell having a resistance, 
the resistance capable of representing stored information; and 

a first comparator that is capable of producing a first comparator output that is a 
function of the selected cell input and the first reference input. 

2. The program circuit of claim 1 , wherein the function is a direct comparison of the 
selected cell input and the first reference input. 

3 The program circuit of claim 2, wherein the direct comparison is a comparison of: 
voltage from the selected cell input and voltage of the first reference input; or 
current from the selected cell input and current of the first reference input; or 
resistance from the selected cell input and resistance of the first reference input. 

4. The program circuit of claim 2, wherein: 

the comparator output causes the program circuit to cease programming when the 
selected cell input equals the first reference input. 



5. The program circuit of claim 4, wherein: 
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the resistance is capable of representing more than one bit of information. 



6. The program circuit of claim 1, further comprising: 
a second reference input; and 

a second comparator that is capable of producing a second comparator output that 
is a function of the selected cell input and the second reference input. 

7. The program circuit of claim 6, wherein: 

the programming of the selected cell is dependent upon either the first comparator 
output or the second comparator output, depending on the desired state to be programmed 
into the selected cell 

8. The program circuit of claim 7, wherein: 

if the programming of the selected cell is dependent upon the first comparator 
output, the first comparator output can cause the programming circuit to cease 
programming; and 

if the programming of the selected cell is dependent upon the second comparator 
output, the second comparator output can cause the programming circuit to cease 
programming. 

9. The program circuit of claim 8, wherein: 

the first comparator output causes the program circuit to cease programming when 
the selected cell input is equivalent to the first reference input; and 
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the second comparator output causes the program circuit to cease programming 
when the selected cell input is equivalent to the second reference input. 

1 0. The program circuit of claim 6, further comprising: 
a first load circuit coupled to the selected cell; 

a second load circuit that receives the first reference input; 
a third load circuit that receives the second reference input; 
wherein the first, second and third load circuits have essentially the same load 
characteristics. 

1 1 . The program circuit of claim 6, wherein: 

the first comparator and the second comparator are voltage comparators. 

12. The program circuit of claim 6, wherein: 

the first comparator output and the second comparator output are combined, the 
programming of the selected cell being dependent upon the combination. 

13. The program circuit of claim 1 , wherein: 

the comparator output is bypassed during an initialization step. 

14. An adaptive programming circuit for, upon detection of a write command, 
programming a voltage switchable re-writable conductive memory device of resistance 
Rd, comprising: 
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a detecting means, coupled to the re-writable conductive memory device, for 
detecting R<j and outputting a signal that is dependent on R<j; 

a control means, coupled to the detecting means, for detecting the write command 
and, based upon the output of the detecting means, generating an activating signal 
indicating either an activated or a deactivated state; and 

a driving means, coupled to the re-writable conductive memory device and the 
control means, for driving, only while said activating signal is in the activated state, the 
re-writable conductive memory device such that the resistance of the conductive memory 
device is modified. 

15. An adaptive programming circuit for, upon detection of a write command, 
programming a voltage switchable re-writable conductive memory device of resistance R<j 
to a target resistance R t} comprising: 

a detector, coupled to the re-writable conductive memory device, for detecting R<j 
and outputting a detector output that is a function of Rd; 

a controller, coupled to the detector, for detecting the write command and, based 
upon the detector output, generating an activating signal indicating either an activated or a 
deactivated state; and 

a driver, coupled to the re-writable conductive memory device and the controller, 
for driving, only while said activating signal is in the activated state, the re-writable 
conductive memory device such that the resistance of the conductive memory device is 
modified to R t , whereby Rt is already equal to R<j when the activating signal is in the 
deactivated state while the programming circuit is enabled. 
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16. The adaptive programming circuit of claim 1 5, wherein: 

the detector output is a additionally a function of a reference input. 

1 7. The adaptive programming circuit of claim 1 5, wherein: 

the driver stops driving the re-writeable conductive memory device after a specified pulse 
time. 

1 8. The adaptive programming circuit of claim 1 7, wherein: 

if the re-writeable conductive memory device does not achieve the R t resistance 
within the specified pulse time, a fault signal is set. 

19. The adaptive programming circuit of claim 1 7, wherein: 

the re-writable conductive memory has a threshold voltage, below which the 
resistance will not appreciably change; and 

the driver delivers a voltage that ramps up to the threshold voltage. 

20. The adaptive programming circuit of claim 19, wherein: 

the driver delivers a voltage that continues to ramp up past the threshold voltage. 

21 . The adaptive programming circuit of claim 1 9, wherein: 

the driver delivers a voltage that begins at or near a read voltage. 



UNTYP022/JKW/MEM 



Page 28 of 34 



22. The adaptive programming circuit of claim 19, wherein: 

the detector is further operable to determine the re- writable conductive memory 
device's state. 

23. The adaptive programming circuit of claim 1 5 wherein said programming cycle 
time is from about 0.1 ns to about 100 ms. 

24. The adaptive programming circuit of claim 15 wherein said re-writable 
conductive memory device is of a conductive metal oxide type of device. 

25. A re- writable memory comprising: 
an array of re-writable memory cells; 

selection circuitry that is capable of selecting at least one memory cell out of the 
array of memory cells such that the at least one selected cell passes current; 
a reference current; 

a comparator that is capable of producing a comparator output that is a function of 
the at least one selected cell current and the reference current. 

a driver that programs the at least one selected cell as a function of the comparator 

output. 

26. The re-writable memory of claim 25, wherein: 

the driver delivers a voltage that begins at a read voltage, and 
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the comparator is capable of producing a comparator output that is representative 
of the resistive state of the selected at least one memory cell, 

whereby the comparator is used during read and write operations. 

27. A self terminating programming process for programming a voltage swichable re- 
writable conductive memory device of resistance R<j, comprising: 

receiving a write command for a target resistance R t ; 
selecting a reference current, the selection being dependent upon R t ; 
detecting a memory cell current, the memory cell current being based upon Rd; 
comparing the selected reference current with the memory cell current; 
applying a write voltage across the memory cell for as long as the comparison 
indicates that R t is not equal to Rd; and 

terminating the programming cycle when R t is equal to R<j. 

28. A program circuit for a programming a selected cell to a desired resistive state in a 
conductive re-writable memory comprising. 

a first reference input; 
a second reference input; 

a selected cell input from the selected cell, the selected cell having a resistance, 
the resistance capable of representing stored information; 

a first comparator that is capable of producing a first comparator output that is a 
function of the selected cell input and the first reference input; 
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a second comparator that is capable of producing a second comparator output that 
is a function of the selected cell input and the second reference input; 

a first driver that drives the selected cell to a first resistive state when the first 
resistive state is the desired resistive state, the first driver being at least partially 
dependent upon the first comparator output for its activation; and 

a second driver that drives the selected cell to a second resistive state when the 
second resistive state is the desired resistive state, the second driver being at least 
partially dependent upon the second comparator output for its activation. 

29. The program circuit of claim 28 further comprising: 
a third reference input; 

a third comparator that is capable of producing a third comparator output that is a 
function of the selected cell input and the third reference input; and 

a third driver that drives the selected cell to a third resistive state when the third 
resistive state is the desired resistive state, the third driver being at least partially 
dependent upon the third comparator output for its activation. 

30. The program circuit of claim 28 wherein: 

the first reference input can have multiple values depending upon the desired 
resistive state. 

3 1 . The program circuit of claim 29 wherein: 
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the second reference input can have multiple values depending upon the desired 
resistive state. 

32. A program circuit for a programming a selected cell to a desired resistive state in a 
re-writable conductive memory comprising: 

at least one reference level; 

a selected cell level from the selected cell, the selected cell having a resistance, 
the resistance capable of representing stored information; 

at least one comparator that is capable of producing an at least one comparator 
output that is a function of the selected cell level and the at least one reference level; 

a first driver to provide a voltage capable of increasing the resistance of the 
selected cell; 

a second driver to provide a voltage capable of decreasing the resistance of the 
selected cell; 

wherein the first or second driver is activated depending on the at least one 
comparator output and the desired resistive state. 

33. The program circuit of claim 32, wherein the at least one reference level and the 
selected cell level are current levels. 

34. The program circuit of claim 32, wherein the at least one reference level and the 
selected cell level are voltage levels. 
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35. The program circuit of claim 32, wherein the at least one reference level and the 
selected cell level are resistance levels. 

36. The program circuit of claim 32, wherein there are 2* (N - 1) reference levels for 
N desired resistive states. 

37. The program circuit of claim 32, wherein there are N - 1 reference levels for N 
desired resistive states. 

38. The program circuit of claim 32, wherein the first driver and the second driver 
share at least some of the same circuitry. 
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